N0 diploid strain homozygous with respect to the metB3 mutation was constructed from M5 1 and M6 haploids. Suppressors of this mutation were allocated to their linkage groups by 2 mitotic haploidization (Forbes, 1959) , facilitated by the use of benomyl (Hastie, 1970) at a 3 final concentration of 60 g per 100 ml of solid medium. 4 5
Media and growth conditions 6
Complete medium (Cove, 1966 ) was used for propagation of A. nidulans strains, DNA 7 isolation and haploidization of diploids. Minimal medium containing 2 mM sulfate (MM) and 8 minimal medium without sulfate (MM-S), prepared according to Martinelli (1994) , were used 9 for growing mycelia for enzymatic assays, RNA isolation and Tests with selenate, a toxic analog of sulfate, were performed on MM-S medium 17 supplemented with 5 mM methionine as the sole sulfur source. Sulfur assimilation enzymes 18 are repressed by methionine in the wild type strain, but are constitutively derepressed in scon 19 mutants, rendering them sensitive to selenate (Natorff et al., 1993) . In addition, colonies of 20 some scon mutants that possess a very high activity of arylsulfatase can be stained with 21 indoxyl sulfate (Natorff et al., 1993) . 22
Isolation of mutants 1
Suppressors of the metB3 mutation in the N0 diploid strain were isolated as revertants to 2 methionine prototrophy. Conidial suspension (5x10 7 per ml) was UV-irradiated to the survival 3 level of 20% and then plated on minimal medium. Ten fastest-growing mutants were selected 4 from among 100 methionine prototrophic colonies. Haploid strains expected to contain a 5 suppressor of the metB3 mutation were obtained by benomyl-induced chromosome loss. 6 7
Biochemical methods 8
Frozen mycelia for enzymatic assays were homogenized in a chilled mortar with powdered 9 glass and then suspended in 0.1 M Tris pH 7.5. Protein concentration was estimated by the 10 method of Bradford (1976) . All enzymatic reactions were carried out at 37 o C. Homocysteine 11 synthase activity was assayed as described by Paszewski and Grabski (1973) , except that the 12 reaction mixture volume was scaled down to 50 l. Arylsulfatase activity was determined 13 according to Metzenberg and Parson (1966) . 14 ATP sulfurylase activity was determined by the method of de Vito and Dreyfuss (1964) with 15 modifications. The reaction mixture contained: 50 l of 1 M Tris pH 7.5, 50 l of 0.1 M 16
MgCl 2 , 50 l of 50 mM Na 2 MoO 4 , 50 l of 0.1 M neutralized ATP, 200 l of extract and 17 water up to a total volume of 0.5 ml. The Na 2 MoO 4 solution was replaced with water in the 18 blank. The mixture was incubated for 30 min and the reaction was stopped with 0.5 ml of 19 10% TCA. The protein precipitate was removed by spinning down for 5 min in a 20 microcentrifuge, and 70 l of supernatant was taken for the colorimetric reaction, to which 21 175 l of 2.5% NH 4 MoO 4 in 2.5 M H 2 SO 4 and 280 l of water were added, and the mixture 22 was kept for 10 min at room temperature. Then, 800 l of water and 70 l of eikonogen 23 solution (0.25%, prepared in a mortar with hot 14% metabisulfite and filtered) were added. 1
After 10 min at room temperature the extinction at 660 nm was measured. 2
For estimation of sulfite reductase activity, the colorimetric method of sulfide assay (Siegel, 3 1965) was modified. The reaction mixture was prepared by combining 100 l of 1 M Tris pH 4 7.5, 20 l of 20 mM NADP, 50 l of 24 M FAD, 50 l of 0.1 M glucose 6-phosphate, 5 extract containing 200 g of protein, 50 l of 10 mM sodium bisulfite and adding water up to 6 a total volume of 1 ml. Sodium bisulfite was replaced with water in the blank. The mixture 7 was incubated for 20 min and placed in ice to stop the reaction. After adding 100 l of 20 mM 8 N,N-dimethyl-p-phenylenediamine in 7.2 M HCl, 50 l of 10 mM sodium bisulfite in water 9
and 100 l of 30 mM FeCl 3 in 1.2 M HCl, the mixture was incubated for 20 min at 37 o C. The 10 solution was clarified by spinning down for 3 min in a microcentrifuge and the extinction at 11 650 nm was measured. Activities of enzymes were expressed as nmol of product made per 12 min per mg of protein. 13 Accumulation of 35 S-sulfate-labeled sulfur compounds was determined as described by 14
Paszewski and Grabski (1974) . 15 16
DNA manipulations and Northern blots 17
Total DNA from A. nidulans was isolated as described by Yelton et al. (1985) . DNA for 18 probes and sequencing was amplified by PCR. The DNA was sequenced on both strands with 19 appropriate primers using an ABI 377 (Perkin-Elmer) automatic DNA sequencer. The DNA 20
Sequencing and Oligonucleotide Synthesis Laboratory, Institute of Biochemistry and 21
Biophysics performed the sequencing reactions as well as syntheses of primers listed in 22
Supplementary Table 1. Probes were labeled using Hexanucleotide Kit (Fermentas). Total 23 RNA was isolated using TRI Reagent (Molecular Research Center) according to the 24 manufacturer's protocol (Chomczynski, 1993 Ten methionine-prototrophic mutants were isolated after UV irradiation of the N0 diploid 17 strain homozygous with respect to the metB3 mutation. These mutants were haploidized with 18 benomyl as described in Materials and Methods. The obtained methionine-prototrophic 19 haploid strains were tested for reversion of the metB3 mutation by crossing to the wild type 20 strain. In the progeny of four crosses no methionine auxotrophs were observed suggesting 21 possible reversion of the metB3 mutation. This was confirmed by sequencing of the PCR-22 amplified metB gene in the metB3 mutant and the four prototrophic strains. It was found that 23 the metB3 mutation resulted from a single A to T transversion at position 201 with respect to 24 the ATG codon. This mutation affected the coding sequence of the second exon of the metB 25 gene leading to the E31D substitution. Four out of the ten newly isolated mutants (no. 5, 7, 9, 1 11) had this aspartate changed to another amino acid (see Table 2 for details). 2
The remaining six haploid mutants generated methionine auxotrophs in crosses with wild type 3 strains, indicating the presence of non-allelic mutations suppressing metB3. These suppressors 4 were tested for dominance by constructing diploids with methionine auxotrophic strains M5 5 or M6, carrying the metB3 mutation. Three diploids were able to grow on minimal medium, 6
indicating the presence of a dominant suppressor mutation, and another three diploids 7 required methionine, indicating the presence of a recessive mutation (Table 2) . 8
We found that the recessive mutants 3, 4 and 8 were sensitive to 0.1 mM selenate, and 9 mutants 3 and 4 stained with indoxyl sulfate. Since these characteristics are typical of scon 10 mutants, we crossed the suppressor strains 3, 4 and 8, still bearing metB3, with a strain 11 carrying the sconB2 mutation. Very few methionine auxotrophs were obtained in the progeny 12 of these three crosses, which indicated a close linkage of the tested suppressor mutations with 13 the sconB2 mutation and suggested that these suppressors might occur in the sconB gene 14 itself. The three dominant mutants (no. 1, 2 and 10) did not stain with indoxyl sulfate and 15 were resistant to 0.1 mM selenate (sufficient to inhibit growth of scon mutants), but were 16 sensitive to 0.5 or 1 mM selenate, which distinguished them from the wild type strain. Thus, 17 these suppressors exhibited a phenotype distinct from all known alleles of A. nidulans 18 regulatory genes involved in sulfur metabolism. We started a search for the mutated gene by suggested their close linkage (less than 5 centimorgans). Taking into consideration some 22 inaccuracy in gene mapping, it seemed possible that the sG8 mutation occurred in fact within 23 the metR gene. This assumption was confirmed by sequencing of the metR gene in the sG8 24 strain, which revealed a single nucleotide G1251A transition and an adjacent T1252 deletion. 25 The latter change leads to a frameshift starting from serine 254 and resulting in the 1 substitution of 41 C-terminal amino acids by 46 different residues. Thus, we assigned the sG8 2 mutation to the metR locus and named it metR18. This mutation (marked by a triangle in 3 The regulation of enzymatic activities in the metR18 mutant exhibits a more complex pattern. 14 The activity of sulfite reductase is lower in the mutant than in the wild type strain when 15 grown on sulfate as the sole sulfur source and is further repressed by exogenous methionine 16 ( Figure 4 ). On the other hand, the activities of homocysteine synthase, arylsulfatase and ATP 17 sulfurylase are highly elevated in the metR18 strain grown on sulfate, but are repressed to the 18 wild type level when the mutant is grown in the presence of methionine. 19 The changes in activities of the enzymes of sulfate assimilation pathway in the metR18 mutant 20 may be an effect of altered levels of the corresponding transcripts. The elevated levels of 21 sulfur assimilation enzymes in the metR20 d mutant may also result from increased 22 transcription of the corresponding genes. In order to check the above hypotheses we 23 performed a Northern analysis of SMR-regulated genes in metR20 d , metR18 and the wild type 24 strain. 25 The level of the transcript encoding the beta subunit of sulfite reductase in the metR18 mutant 1 grown on 0.1 mM sulfate is lowered to 70% of the wild type level ( Figure 5, lanes 1 and 9) . It 2 is exactly the same change as the decrease of the sulfite reductase activity in this mutant 3 (Figure 4) . In contrast, levels of transcripts encoding other enzymes of sulfur assimilation are 4 elevated. For instance, the sC gene transcript is by 60% more abundant in the metR18 mutant 5 than in the wild type strain (Figure 5 ), which mirrors exactly the levels of ATP-sulfurylase 6 activity ( Figure 4) . The cysD gene transcript is nearly fivefold more abundant in the metR18 7 mutant, which correlates well with the sixfold increase in the homocysteine synthase activity. 8
Similarly to enzymatic activities, transcripts are repressed in the metR18 mutant by exogenous 9 methionine to the levels observed in the wild type ( Figure 5, lanes 3 and 4) . Thus, the changes 10 in enzyme activities observed in the tested mutants are accompanied by, and probably result 11 from, similar changes in the levels of the corresponding transcripts. 12 The metR mutations reported here represent a novel, third type of methionine suppressors. 7
The first type comprises cysA and cysB mutations (Figure 1 However, MetR could not be detected with polyclonal antibodies in A. nidulans extracts from 7 the wild type or the metR20 d mutant (Natorff R., personal communication). 8
The metR18 mutation was originally reported as the sG gene, controlling sulfite reductase 9 activity (Nadolska-Lutyk and Paszewski, 1988), and here we assigned this mutation to the 10 metR locus. The metR18 mutation is particularly interesting since it leads to highly elevated 11 activities of several sulfate assimilation enzymes and increased levels of the corresponding 12 transcripts, except for sulfite reductase (Figures 4 and 5) . In spite of the high activities of the 13 sulfate assimilation enzymes, metR18 does not suppress the metA or metG mutations 14 (Nadolska-Lutyk, 1985). Therefore, we suggest that the high activities of sulfur assimilation 15 enzymes in the metR18 mutant grown on sulfate might be a secondary effect of cysteine 16 starvation, caused by a low activity of sulfite reductase. This shortage of cysteine may switch 17 off SMR leading to derepression of the sulfate assimilation genes. The supplementation with 18 methionine, which can be readily converted to cysteine (Figure 1 ), restores repression of 19 genes coding for the sulfur assimilation enzymes, including sulfite reductase (Figure 4 and 5) . 20 Therefore, the SMR system in the metR18 mutant is apparently not affected. It is also worth 21 noting that the function of the C-terminal domains of A. nidulans MetR and N. crassa CYS3 22 proteins may be different because of the marked divergence of these two sequences (Figure  23 2). Besides, the frameshift changing 41 C-terminal amino acids in the A. Kaiser, P., Flick, K., Wittenberg, C., Reed, S. I., 2000 
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